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Re Item V 

Reasoned statement with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Reference is made to the following document: 
D5: GB653185 

The document D5 is regarded as being the closest prior art to the subject-matter of claim 1 
and shows (the references in parentheses applying to this document) a rotary engine with 
a first rotation member (Fig 14, ref 1 1) and two second rotation members (17,17d). 

The subject-matter of claim 1 differs from this known engine in that the rotation members 
do not have the particular cooperating profiles and associated cross-sections according to 
the features of claim 1 so that the complete compression, combustion, expansion cycle 
would take place in a working portion defined by the same two adjacent rotation elements. 

The subject-matter of claim 1 is therefore new (Article 33(2) PCT). 

The problem to be solved by the present invention may be regarded as to improve the 
recovery of power through an extended expansion of the gas in the engine while at the 
same time improving the sealing effect between the rotation members. 



The solution to this problem proposed in claim 1 of the present application is considered 
as involving an inventive step (Article 33(3) PCT) as these features in combination are not 
known nor rendered obvious from the known state of the art. Hence the subject-matter of 
claim 1 is inventive. 

The subject-matter of claim 1 is industrially applicable (Art 33(4) PCT). 

Claims 2-20 are dependent on claim 1 and as such also meet the requirements of the PCT 
with respect to novelty, inventive step and industrial application.. 
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ROTARY ENGINE 



This invention relates to rotary engines dDr\ r-^ 

tFO -DG 1 

• 06 05. 2005 

The compression or expansion of gases occurs in. a targe variety of devices. 
10 Well known examples include pumps, compressors, blowers, exhausters, and 
rotary and hydraulic engines, all of which include some form of apparatus Used 
to compress or expand gases. 

As mentioned above, compressors are well known devices. One type of 
15 compressor is the reciprocating compressor. Reciprocating compressors have 
the advantage that they are able to operate at high pressures. However, 
reciprocating compressors have a large number of moving parts and are 
therefore relatively complex. devices. One other type of compressor, the Roots 
compressor, has rotary instead of reciprocating motion and its resulting 
20 simplicity means that it has few moving parts and is reliable. Nevertheless, this 
type of compressor has its disadvantages. One such disadvantage is that it 
relies on "back-compression" to raise the pressure of the pumped gases. This 
means that no compression is performed on the low pressure input gases until 
they come into contact and mix with the higher pressure gases within the 
25 compressor. This irreversible process is inefficient, and leads to a higher drive 
power requirement and elevated air outlet temperatures. 

Another type of rotary compressor, the Lysholm compressor, employs internal 
compression to overcome the problems caused by "back compression". 
30 Typically, these compressors are significantly more efficient. However, their 
performance depends in large measure upon maintaining very small 
clearances between the moving elements, thus presenting considerable 
manufacturing problems: Imperfect sealing between .the elements leads to 
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According to an aspect of the present invention, there is provided a 
rotary engine for use with compressible fluids, the engine comprising: a first 
rotation element mounted to rotate about a first axis; a casing having a surface 
enclosing at least a part of the first rotation element, an elongate cavity of 
5 varying cross sectional area being defined between a surface of the first 
rotation element and the casing surface; and a plurality of second rotation 
elements mounted to rotate about respective different second axes, each 
second rotation element being mounted to project through a slot in the casing 
surface and to cooperate with the first rotation element surface so as to divide 
10 the cavity into adjacent working portions, wherein each second rotation element 
comprises a plurality of projecting portions having respective different radii 
about the second axis, the different radii causing the projecting portions to 
project into the cavity by respective different amounts, so that the volumes of 
the working portions vary as the first and second rotation elements rotate, 
15 wherein, in use, fluids in a working portion undergo compression, combustion 
and expansion as a closed volume, the closed volume being defined during the 
compression, combustion and expansion by the same two adjacent second 
rotation elements. 

The first rotation element and each of the second rotation elements have a 
variable radius. The casing surface, which has a constant radius, and the first 
rotation element surface therefore define a cavity that extends around the first 
axis. As the first rotation element rotates about the first axis, the cavity also 
rotates about the first axis. Each of the second rotation elements project 
through the casing surface. As each of the second rotation elements rotate, 
the amount by which they project through the casing surface varies. In fact, 
rotation of the first rotation element and each of the second rotation elements is 
co-ordinated so that they mesh together to provide a seal. Each of the second 
rotation elements thus define a number of working portions of the cavity. 
Working portions may also be defined by the first rotation element where its 
radius is at a maximum by providing a seal with the. casing. As the cavity 
rotates about the first axis, the volumes of the working portions of the cavity 
change, thus providing compression or expansion of a fluid within. 
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A rotary engine can thus be realised having a number of desirable qualities 
while at the same time being simple to manufacture and use. The rotary 
engine relies on internal compression thus avoiding the disadvantages 
associated with 'back compression', such as inefficiency. At the same time, the 
simplicity of the design allows effective sealing between the various elements 
of the rotary engine thus avoiding the manufacturing complexity and other 
problems associated with known internal compression rotary engines. 

Preferably, the first and second rotation elements each comprise a plurality of 
integral segments each having different radii. For the second rotation 
elements, these segments are the projecting portions. 

Preferably, the second rotation elements are distributed around the casing 
surface, each second rotation element being mounted to rotate about a 
respective axis that is perpendicular to both the first axis and the radius of the 
casing surface. In this way, a number of working portions of the cavity can be 
defined, and a compression and/or expansion process can be performed 
simultaneously in each. 

The first rotation element may be internal to the casing surface with the plurality 
of second rotation elements being external to the casing surface. In this case, 
the first rotation element will be substantially cylindrical. Alternatively, the first 
rotation element may be external to the casing surface with the plurality of 
second rotation elements being internal to the casing surface. In this case, the 
first rotation element will substantially take the form of an annulus. 
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The rotary engine performs compression followed by expansion. Rotation of 
the first rotation element and each of the plurality of second rotation elements 
causes the volume of the working portions of the cavity to reduce and then 
increase during each cycle. Since compression and expansion are performed 
by different portions of the first rotation element surface, an engine having 
different compression and expansion ratios can be realised. 

Preferably, the rotary engine also comprises ignition means for ignition of a 
compressed fluid prior to expansion. For example, the ignition means may 
comprise a spark plug. In this way, when gases within a working portion of the 
cavity are at a maximum pressure, a sudden further increase in pressure may 
be induced. For example, if the gases are a fuel and oxygen mix, a spark plug 
may induce combustion, as in a conventional petrol engine. Alternatively, if the 
gases include highly pressurised oxygen ; the injection of fuel itself may induce 
combustion, as in a conventional diesel engine. Other means of causing a 
sudden further increase in pressure may be used, such as the injection of a 
small volume of high pressure, low temperature gas. The sudden increase in 
pressure allows more work to be extracted during expansion than was used in 
compression, thus powering the engine. 

Preferably, the first rotation element also comprises at least one passage for 
fluid inlet or fluid outlet. The first- rotation element may even comprise 
passages for both fluid inlet and fluid outlet. In this way, fluids can be.drawn or 
forced into the working portions of the cavity, or exhausted or released from the 
working portions of the cavity. 

The casing may also comprise at least one side valve, each of the at least one 
side valves being operative as a fluid inlet or fluid outlet only when adjacent to 
a working portion of the cavity, each of the at least one side valves being 
adjacent to a working portion of the cavity for a fraction of a cycle of the device. 
The rotary engine may therefore be designed so that the area of the casing " 
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containing a side valve only forms a boundary of a working portion of the cavity 
when fluid inlet or fluid outlet is desired. 

Preferably, each of the at least one side valves is operative to vary the flow rate 
5 of a fluid into a working portion of the cavity, to vary the pressure of fluid within 
a working portion of the cavity, or to vary a compression or expansion ratio of 
the rotary engine. Side valves may therefore provide a way of controlling the 
operation of the rotary engine. 

10 . Preferably, closed loop feedback control is used to control the operation of 
each of the at least one side valves, the closed loop feedback control being 
based on an operating parameter such as fluid inlet pressure, fluid outlet 
pressure and rotary speed. In this way, a number of parameters may be 
maintained in a steady state. 

15 

This invention also provides a rotary engine comprising two of the rotary 
devices described above. In this way, the respective second rotation elements 
may be arranged so that the net forces on the first rotation element are 
minimised. For example, this could be achieved by providing a second rotation 
.20 element from each of the rotary engines on opposite sides of the integral first 
rotation element. 

The invention will now be described by way of example with reference to the 
following figures in which: 

25 

Figures 1 and 2 show cross sections of a first rotary engine according to the 
invention in first and second positions respectively; 

Figure 3 shows a side profile of a second rotation element of the first rotary 
engine according to the invention; 
30 Figures 4 and 5 show cross sections of the first rotary engine according to the 
invention in third and fourth positions; 

Figure 6 shows a cross section of a second rotary engine according to the 
invention; 
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Figure 7 shows , a cross section of a third rotary engine according to the 
invention; 

Figures 8 and 9 show cross sections of a fourth rotary engine according to the 
invention; 

5 Figures 10 to 14 show cross sections of a fifth rotary engine according to the 
invention in first to fifth positions respectively; 

Figures 15 and 16 show the surface of the first rotation element of the fifth 
rotary engine according to the invention in sixth and seventh positions 
respectively; 

10 Figure 17 shows the surface of the first rotation element of a sixth rotary engine 
according to the invention; 

Figure 18 shows a cross section of a seventh rotary engine according to the 
invention; 

Figures 19 shows a cross section of an eighth rotary engine according to the 
15 invention; 

Figures 20 to 27 show cross sections of^the eighth rotary engine according to 
the invention in first to eighth positions respectively; 

Figure 28 and 29 show cross sections of a ninth rotary engine according to the 
invention in first and second positions respectively; 
20 Figure 30 shows the surface of the first rotation element of the ninth rotary 
engine according to the invention; 

,-:fr. 

Figure 31 shows a cross section of a first compressor; 

Figures 32 and 33 show the surface of the first rotation element of the first 
compressor in first to third "positions respectively; 
25 Figure 34 shows the surface of the first rotation element of a second 
compressor; 

Figure 35 shows a cross section of a third compressor; 

Figure 36 shows the surface of the first rotation element of the third 
r compressor; 

30 Figure 37 shows a cross section of a tenth rotary engine according to the 
invention; 
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Figures 31 to 33 show a first compressor. The first compressor operates in a 
similar way to the rotary engines according to the invention described above. 
However, the elimination of combustion and expansion stages from the 
operating cycle allows simplification. The compressor comprises a single 
.5 second rotation element 3 that rotates at half the angular velocity of the first 
rotation element 1. Gases are drawn into the compressor, compressed and 
then released through a sliding valve 10. The sliding valve 10 can be used to 
control the extent to which the gases are compressed by the compressor. The 
first rotation element 1 may be designed so that, during release of the 
10 compressed gases, gases may flow between working portions of the cavity 
defined on opposite sides of the second rotation element 3. This provides an 
exit route for the gases as the working portion of the cavity contracts. 

The compressor may. comprise two second rotation elements in order to 
15 balance the forces on the first rotation element 1. This may be achieved using 
the techniques disclosed in figures 17 and : 18 and the descriptions thereof. 

Figure 34 shows a second compressor. In this compressor, the volume of the 
working portion of the cavity is larger than in the first compressor. 

20 

Figures 35 and 36 show a third compressor. In this compressor, sliding valves 
10 are used to control the intake of gases rather than their expulsion. 

The first, second, and third compressors may operate as expanders. In this 
case, compressed gases are fed into the fluid outlet and the first and second 
rotation elements are driven in the opposite directions to those shown in the 
figures. 

30 

Figure 37 shows a cross section of a tenth rotary engine according to the 
invention. In the tenth rotary engine, a number of small teeth 12 have been 
added to the second rotation elements 3. In this way, the first rotation element 
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Figures 42 to 46 illustrate some of the characteristics of the device according to 
the invention that distinguish it from known rotary devices. It is noted that the 
parts shown in these Figures have already been described with reference to 
earlier figures, and that figures 42 to 46 do not add additional knowledge 
5 required for building the engine. or understanding its operation. 

Figures 42 to 44 illustrate second rotation elements 3 that may be viewed as 
having one large tooth. Figure 45 illustrates a second rotation element that 
may be viewed as having two large teeth. The teeth are the parts of the 

10 second rotation element that protrude into the cavity defined by the casing and 
, 0 .;'" the first rotation element at some part of the cycle. The teeth define a "tooth- 

angle", cp, measured around the axis of the rotation element 3. Typically, the 
second rotation element is designed so that the tooth angle is just less than 
360°/t, where t is the number of teeth. In Figures 42 and 43, the tooth-angle cp 

15 is just under 360°, and the single tooth comprises three integral segments, or 
projecting porticpns. In Figure 45, the tooth-angle is just under 180°, and each 
tooth comprises three integral segments, or projecting portions. Figure 46 
illustrates that the casing 2 may be viewed as having a slot-angle, ijj, measured 
around the axis of the first rotation element 3, and defined by the region where 

20 the second rotation element may project into the cavity. In the most natural 
embodiments of the device, the tooth-angle cp is larger than the slot angle \\). 

■■• ~j- 

The above embodiments of the invention described with reference the figures 
are purely preferred embodiments, and are described by way of example only. 
25 It will be apparent to those skilled in the art that there are many other 
embodiments of the invention not described, and the scope of the invention is 

> 

defined by the claims. 
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1 . A rotary engine for use with compressible fluids, the engine comprising: 
a first rotation element mounted to rotate about a first axis; 
a casing having a surface enclosing at least a part of the first rotation 
element, an elongate cavity of varying cross sectional area being defined 
between a surface of the first rotation element and the casing surface; and 

a plurality of second rotation elements mounted to rotate about 
respective different second axes, each second rotation element being mounted 
to project through a slot in the casing surface and to cooperate with the first 
rotation element surface, so as to divide the cavity into adjacent working 
portions,. 

wherein each second rotation element comprises a plurality of projecting 
portions having respective different radii about the second axis, the different 
radii causing the projecting portions to project into the cavity by respective 
different amounts, so that the volumes of the working portions vary as the first 
and second rotation elements rotate, 

wherein, in use, fluids in a working portion undergo compression, 
combustion and expansion as a closed volume, the closed volume being 
defined during the compression, combustion and expansion by the same two 
adjacent second rotation elements. 

2. The engine of claim 1, wherein each projecting portion of a second 
rotation element spans an angle about the respective second axis, the radius of 
each projecting portion constantly varying about the axis. 

3. The engine of claim 1, wherein each projecting portion of a second 
rotation element spans an angle about the respective second axis, the radii of 
the projecting portions stepping about the axis. 

4. The engine of claim 3, wherein a number of the projecting portions of 
each second rotation element only partially project through a respective slot at 
any time during rotation of the first and second rotation elements. 
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5. The engine of claim 4, wherein a maximum angle spanned by a slot 
about a respective second axis is smaller that the angle spanned by a number 
of the projecting portions of each second rotation element. 

5 * 

6. The engine of any one of the preceding claims, wherein the first rotation 
element surface is a cylindrical surface. 

7. The engine of claim 6, wherein the first rotation element is internal to the 
10 casing surface and the second rotation elements are external to the casing 

surface. 

8. The engine of claim 6, wherein the first rotation element is external to 
the casing surface and the plurality of second rotation elements are internal to 

1 5 the casing surface. 

9. The engine of any one of claims 1 to 5, wherein the first rotation surface 
is an end surface. 

20 10. The engine of any one of the preceding claims, further comprising 
ignition means for ignition of a compressed fluid prior to expansion. 

1 1. The engine of any one of the preceding claims, wherein the first rotation 
element further comprises at least one passage for fluid inlet and/or fluid outlet. 

25 

12. The device of any one of the preceding claims, wherein the casing 
further comprises a number of valves, each valve being operative as a fluid 
inlet or fluid outlet only when adjacent to a working portion of the cavity, and 
wherein each valve is only adjacent to a working portion of the cavity during a 

30 fraction of a cycle of the engine. 
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13. The device of claim 12, wherein, in use, each valve is never adjacent to 
a lowest volume working portion of the cavity during a cycle of the engine, 
thereby avoiding contact between valves and highest pressure fluids. 

5 14. The engine of claim 12 or 13, wherein each of the at least one valves is 
operative to vary the flow rate of a fluid into a working portion of the cavity, to 
vary the pressure of fluid within a working portion of the cavity, or to vary a 
compression and/or expansion ratio of the engine. 

10 15. The engine of any one of claims 12 to 14, wherein closed loop feedback 
control is used to control the operation of each of the at least one valves, the 
closed loop feedback control being based on at least one engine operating 
parameter. 

15 16. The engine of claim 17, wherein the at least one engine operating 
parameter comprises at least one of fluid inlet pressure, fluid outlet pressure 
and rotary speed. 

17. The engine of any one of the preceding claims, wherein the second 
20 rotation elements are distributed about the first rotation element, each second 

rotation element being mounted to rotate about a respective second axis that is 
perpendicular to the first axis. 

18. The engine of any one of the preceding claims, wherein the first rotation 
25 element surface and the casing surface further define a seal between working 

portions of the cavity. 

19. The engine of any one of the preceding claims, wherein, in use, an 
amount of projection into the cavity of each of the second rotation elements 

30 increases to a first local maximum, then decreases to a local minimum greater 
than zero, then increases to a second local maximum, then decreases to zero. 
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20. The engine of any one of the preceding claims, wherein, in use, fluids in 
a working portion undergo the compression, combustion and expansion within 
one rotation of the first rotation element. 
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